Abstract. In order to realize the precise application of water and fertilizer, based on fuzzy PID adaptive control method, designed a set of integrated water and fertilizer control system. According to the set water and fertilizer concentration, the water and fertilizer concentration ratio is adjusted in real time through fuzzy PID. After the experiment, the water and fertilizer integrated control system based on fuzzy control can control the application of water and fertilizer through the time switch. Thereby saving time and effort, improving water and fertilizer utilization, and saving water and fertilizer.
Introduction
With the development of China and the increasingly prominent population problems, environmental problems are increasingly prominent, research on advanced modern agricultural equipment technology and cultivation management technology, reduce labor costs, improve production efficiency is the inevitable trend of the development of facility agriculture [1] . In China, although the amount of fertilizer is decreasing year by year, but the pressure of environment resource is still very high [2] . Therefore, for modern agricultural development, the scientific management of water and fertilizer resources and from extensive water and fertilizer to intensive fine regulation is the inevitable trend [3] [4] . Based on this trend, an integrated water and fertilizer control system was designed and developed.
Intelligent integration is using water pressure, water soluble solid or liquid fertilizer, according to the soil nutrient content and fertilizer regulation of crop variety, characteristics, with the fat of again with irrigation water, through a controlled water supply pipeline system, supplying, the compatibility, water through the pipe and drop head form drip irrigation, uniform, regular, quantitative, infiltration area crop root growth and development, make the main root soil always stay loose and appropriate moisture content. At the same time, according to the characteristics of fertilizer demand of different vegetables, soil environment and nutrient content, water demand of vegetables in different growth periods, and fertilizer demand law, the demand design of different growth periods was carried out, and the water and nutrients were regularly and quantitatively provided directly to crops in proportion.
Principle of Integrated Water and Fertilizer Control System
The integrated control system of water and fertilizer mainly consists of two parts: automatic irrigation and fertilization control system and manual irrigation and fertilization control system. Through the combined operation of these two system modes, the system can achieve automatic irrigation and fertilization without manual control and manual irrigation and fertilization as required. In order to achieve the best control effect and reduce the complexity of the system, logic control is adopted for other control of the system, and fuzzy control is carried out for EC and PH respectively.
The core of the water fertilizer machine is to mix fertilizers in proportion. The mixed nutrient solution includes water and fertilizer. There are 4 ways of fertilizer input and 1 way of fertilizer output. The input is nitrogen fertilizer, phosphate fertilizer, potash fertilizer and PH acid, and the output is mixed fertilizer solution. The mixed fertilizer solution is delivered to the field by irrigation pump. The control system is mainly composed of control box, irrigation pipe, metering meter, EC/PH sensor, irrigation pump, control valve and other parts. Shanke intelligent controller and EC/PH sensor are installed in the control box. Fuzzy PID adaptive control method is embedded in the controller to control the switch and closure of irrigation pump, control valve and fertilizer pump. The data collected by the sensor are compared with the preset data to verify whether the concentration of the fertilizer mixture meets the standard. In the control system, three-way digital quantity output is used for alarm monitoring, 11-way digital quantity output is used for irrigation pump, booster pump, fertilization and irrigation area control, and two-way analog quantity input is used for EC and PH value display.
Fuzzy PID Adaptive Control Method in Integrated Water and Fertilizer Control System
Fuzzy PID adaptive control method is based on PID control method, taking error E and error rate of change EC as input, using fuzzy rules for fuzzy reasoning, query fuzzy matrix table for parameter adjustment, to meet the requirements of self-tuning PID parameters of E and EC at different times. Due to the different requirements of water and fertilizer for crops at different growth stages, in order to realize the application of water and fertilizer on demand, it is necessary to build a fuzzy adaptive PID regulation model to realize the precise control of the integrated water and fertilizer machine.
In order to reduce the complexity of the system and increase the stability and reliability of the system, two fuzzy controllers were used to control the fertilizer and acid respectively. Take the PID control of fertilizer as an example to illustrate the fuzzy PID adaptive control model. Common fuzzy controllers include single input single output, double input single output, multiple input single output and multiple input multiple output, etc. [3] . In the integrated control system of water and fertilizer, two-input single output two-dimensional fuzzy controller is adopted for the regulation and control of fertilizer concentration. The principle of the controller is shown in the figure. As shown in the figure, rin is the target concentration of fertilizer solution set, de /dt(ec) is the change rate of concentration error of fertilizer solution, e is the error of concentration, and yout is the measured concentration of fertilizer solution. The core of fuzzy control is to summarize the technical knowledge and practical experience of engineering designers, establish appropriate fuzzy rules table, and obtain fuzzy control table for Kp, Ki and Kd parameters respectively. With e fertilizer concentration and fertilizer concentration error rate de /dt (ec) as the input of fuzzy controller, solenoid valve switch and closure as the output layout. Generally speaking, the variable fuzzy language vocabulary of input and output is five to seven words, and the number of variable fuzzy language vocabulary is determined according to the specific situation.
In the practical application of fertilizer mixture system delay is bigger, a jar of mix way will also influence on the mixing speed, thus EC sensors detect the value of the volatile, so e and Δ e field level is unfavorable and overmuch.
In this system, Used seven fuzzy language values include NB, NM , NS, ZO, PS, PM, PB (Negative big, negative medium, negative small, zero, positive small, center, big).The range of error e and error rate ec is defined on the fuzzy set and the field of discussion is selected as {-5, -4,-3, -2, -1, 2,3,4 ,5}. The fuzzy subset is e, ec={NB,NM,NS,ZO,PS,PM,PB}. Let e, ec, Kp, Ki and Kd all obey normal distribution, so membership degree of each fuzzy subset can be obtained. According to the membership degree replication table of each fuzzy subset and the fuzzy control model of each parameter, the fuzzy matrix table of PID parameters was designed by fuzzy synthetic reasoning, and the modified parameters were put into the following formula for calculation.
Kp=Kp+{ei,eci}p.
(
Ki=Ki+{ei,eci}i.
Kd=Kd+{ei,eci}d. 
Program Design of Integrated Water and Fertilizer Control System
In order to make the integrated water and fertilizer control system run quickly and efficiently and achieve the expected control effect, it is necessary to design and make a set of integrated water and fertilizer control system. Water and fertilizer integration control system PLC programming software using independent research and development of ShanKe PLC programming software, interface programming using ShanKe intelligent HMI. The whole integrated application control program of water and fertilizer includes the following parts: interface of integrated water and fertilizer control system, control switching module, manual control module, automatic control module, irrigation and fertilization record module, alarm record module, user login module, etc. It's structure diagram is shown in the figure.
Integrated water and fertilizer control system When entering the system, other modules are not optional, only user login module is optional. After entering the account password, other modules are optional to ensure that the system Settings cannot be modified at will. After logging in, you can choose whether to use manual control mode for irrigation and fertilization or automatic control mode for irrigation and fertilization. The switch between the two modes is completed by the control switch module. A separate switch module is added to facilitate the switch back and forth between the two modules. When the system carries out automatic irrigation and fertilization, it is necessary to set up the irrigation period and the required irrigation and fertilizer area artificially in advance, without manual opening. After reaching the corresponding period, the water pump will open automatically and adjust the switch and closure of fertilizer area A, B, C and D according to the measured EC value and PH value. A total of 8 time periods can be set. When manual irrigation and fertilization are carried out in the system, EC value and PH value can be detected in the system in real time and displayed in the system interface in real time. When manual irrigation and fertilization are carried out, it is necessary to set parameters, such as upper and lower limits of EC value and PH value, washing time, fertilizer channel selection and irrigation time. The irrigation time should be more than twice as long as the irrigation time, and the irrigation starts and ends at the end of the irrigation time, so as to prevent the problem of irrigation blockage due to high fertilizer concentration. After all the Settings are completed, any irrigation area A, B, C and D can be opened to start the water pump for irrigation and fertilization. When fully manual irrigation and fertilization are carried out in the system, the irrigation time shall be adjusted to 999 in the manual control mode, and then fully manual irrigation and fertilization shall be carried out. When irrigation is needed, the irrigation area and fertilizer area shall be selected to start. When irrigation is not needed, the irrigation area and fertilizer area shall be cancelled manually. In the irrigation and fertilization record module, the system can clearly display the start time and end time of all irrigation and fertilization, so as to know the last time of irrigation and fertilization, which is convenient for reference and later maintenance. When there is a problem in the system, such as water shortage, fertilizer shortage, phase sequence error, etc., the system will issue an alarm and stop running until the problem is solved, and the time of problem occurrence, problem solving time and error type will be recorded in the alarm record module.
Summary
In order to solve the extensive water and fertilizer application mode in traditional water and fertilizer application mode, a set of integrated water and fertilizer control system based on fuzzy PID adaptive control method was designed. Water and fertilizer can be applied more accurately according to soil and crop characteristics. Through experimental comparison, the integrated control system of water and fertilizer based on fuzzy PID adaptive control method can improve the utilization rate of water and fertilizer, save water and fertilizer, evenly receive water and fertilizer, and achieve accurate automatic ratio of acidity required for crop growth to nitrogen, phosphorus and potassium. In this paper, the effect of key factors on crop growth is not considered, and will be improved in the future.
